The current trend is to allow coeliac disease (CD) patients to introduce oats to their gluten free diet. We sought further data from the clinical setting with regards to oats consumption by coeliac patients. Several oat products were tested for wheat contamination using a commercial enzyme linked immunoassay (ELISA) kit, and six samples were examined by an ELISA using a cocktail of monoclonal antibodies, mass spectrometry, and western blot analysis. Nineteen adult CD patients on a gluten free diet were challenged with 50 g of oats per day for 12 weeks. Serological testing and gastroduodenoscopy was performed before and after the challenge. Biopsies were scored histologically and levels of mRNA specific for interferon c were determined by reverse transcription-polymerase chain reaction analysis. Oats were well tolerated by most patients but several reported initial abdominal discomfort and bloating. One of the patients developed partial villous atrophy and a rash during the first oats challenge. She subsequently improved on an oats free diet but developed subtotal villous atrophy and dramatic dermatitis during a second challenge. Five of the patients showed positive levels of interferon c mRNA after challenge. Some concerns therefore remain with respect to the safety of oats for coeliacs.
T he treatment of coeliac disease (CD) has been based on dietary exclusion of proteins from wheat, barley, rye, and oats. Exclusion of oats was based on early feeding experiments but it is certainly possible that oat products used in some of these trials were contaminated by other cereals. There are however several reasons to include oats in the diet of CD patients. Oats may increase the palatability of the diet and would serve as a valuable source of fibre in a diet that is generally fibre deficient.
The possible harmful effect of oats has recently been revisited. In a large study, 92 CD patients were randomised to a standard gluten free diet or a similar diet with oats. Their small intestinal mucosa was unaffected by oats, 1 and serological normalisation was not delayed. 2 Eleven patients withdrew during the study. Patients were re-evaluated after five years. 3 Of 35 patients from the original oats group, 23 were still eating oats. No harmful effect of oats was shown. In a smaller study of 10 CD patients, oats was also well tolerated. 4 5 A Swedish study where 20 treated CD patients were followed for two years showed that they tolerated large amounts of oats (100 g/day). 6 Five patients withdrew from the study. 6 Studies suggesting that oats are safe for patients with dermatitis herpetiformis have also been reported. 7 8 Further clinical trials have been requested.
PATIENTS AND METHODS
Oats purity testing A number of commercial oat products were tested for wheat contamination by an enzyme linked immunoassay (ELISA) kit that detects wheat v-gliadin (Ridascreen; Food Diagnostics, Oslo, Norway). The method was developed by Skerritt and Hill. 9 The ELISA kit also identifies rye, and to a much lesser extent, barley and oats. Some oat samples were also tested by western blot, mass spectrometry, and ELISA, as described elsewhere. [10] [11] [12] A total of 120 oat samples from the manufacturer chosen for our clinical challenge were also tested by a similar kit (BioKits; Tepnel, Manchester, UK) at the Veterinary Institute, Oslo, Norway (summary in English: http://www.snt.no/dokumentasjon/rapporter/snt_rapporter/ 200202.html). This kit uses the same monoclonal antibody as the Ridascreen kit but has been produced by another manufacturer.
Clinical challenge
Nineteen adult CD patients (two males) participated in the study. All had been diagnosed with CD based on duodenal villous atrophy followed by clinical and histological improvement on a standard gluten free diet. All had a control biopsy taken at a clinical follow up during the last 12 months before the clinical challenge. The time of the prechallenge biopsy is presented in table 2. Before starting to consume oats, volunteers submitted to a standard 13 C-D-xylose breath test. Gastrointestinal symptoms and food intake were measured before, during the challenge, and after the end of the study at 12 weeks. Daily intake of oats was 50 g. On the last day of the challenge period, a new 13 C-D-xylose breath test and a gastroduodenoscopy using an Olympus GIF-T140 scope was performed, and biopsies obtained with jumbo forceps. Biopsies were scored according to the criteria proposed by Marsh and modified by Oberhuber and colleagues. 13 IgA antigliadin antibodies (AGA), antiendomysium antibodies (EMA), and later also antitissue transglutaminase (tTG) were analysed in a routine laboratory (Fürst's Laboratorium, Oslo, Norway). The study was approved by the regional ethics committee. All participants gave informed written consent.
mRNA analysis
Biopsies were bedside snap frozen in liquid N 2 , and RNA was isolated and reverse transcribed (RT) as described elsewhere.
14 A specific polymerase chain reaction (PCR) for interferon gamma (IFN-c) was performed. Those samples that were positive in the standard RT-PCR were subjected to quantitative PCR.
RESULTS

Oats purity
We first tested oat samples from the largest Norwegian manufacturer of oats for the general market. They showed variable contamination of wheat or rye ranging from none to unacceptably high levels. The test method (ELISA) is unable to distinguish between wheat and rye. One of 12 products from Finland was also contaminated. The clinical challenge of the present study was therefore performed using oats from a single manufacturer (Norsk Bokhvetedyrkerlag, Arendal, Norway). The oats were harvested from fields where no wheat, rye, barley, or oats had been grown during the last 10 years. Special harvesting equipment and an industrial processing site were used exclusively for the purpose of producing contaminant free oats. We tested 25 samples, and 120 samples were analysed by a reference laboratory. No contamination was detected in any of the samples. Six samples were later analysed by western blot, ELISA test using a cocktail of antibodies, and MALDI-TOF mass spectrometry (MS) (table 1). The ''gluten content'' in five of these samples was estimated to lie between ,1.5 parts per million (ppm) and 23 ppm. Two of the samples with ,1.5 ppm were from the oats that our oat intolerant patient had been eating (see below). We found contamination (.400 ppm by western blot, cocktail ELISA, and MS, 300 ppm by Ridascreen test) in one sample. The source of contamination could not be precisely determined but western blot analysis suggested barley. MS could not determine the source of the contamination due to the large amounts of oat avenins in the sample, and the fact that barley and oats are hardly distinguishable by MS. In another sample from the bottom of the same bag, we later found ,1.5 ppm. Thus a single or a few seeds of barley may have been present in the bag. C-D-xylose absorption test result. This patient had a normal test result after the challenge. When repeated at the end of the challenge, only the patient that developed villous atrophy (No 5) had a pathological pattern (data not shown). The histology of the small intestinal mucosa was compared between biopsies taken prior to the study and on the last day of challenge. Most of the patients had a normal (Marsh 0) or near normal (Marsh type 1) small intestinal mucosa before the challenge. Three patients (Nos 4, 10, and 14) had a partial villous atrophy before the challenge (Marsh 3A lesion). These patients had been on a gluten free diet for two, three, and five years, respectively. These three patients were on a strict gluten free diet and had a more pronounced mucosal lesion at the time of diagnosis (data not shown). Small intestinal biopsies taken after the oats challenge showed either unchanged histology or improved histology, with one exception (discussed later). Levels of IgA-AGA were unchanged during the challenge (data not shown). All patients had a negative IgA-EMA before and after the challenge (data not shown). Levels of IgA-anti-tTG were below that of the negative control serum (that is, the reference level) before and after the challenge in all patients (data not shown). In the mucosa of treated coeliacs on a standard gluten and oats free diet, the level of mRNA for IFN-c is usually below 1610 3 transcripts per mg total RNA. 14 15 Interestingly, after the oats provocation period, five coeliacs had detectable levels of mRNA for IFN-c (table 2) . One of these five also had a positive level before the provocation, and one patient was only tested afterwards. With one exception, these five individuals had a histologically normal or near normal mucosa. The exception is discussed in the following section. Of the 19 participants, three chose not to continue consuming oats after having completed the challenge, and one patient refused further follow up.
Clinical challenge
Case report
The patient (No 5 in table 2 ) was a 45 year old woman in academic employment. She presented a positive endomysium test and a subtotal villous atrophy while on a normal diet in 1997. She recovered, as expected, on a standard gluten free diet, both clinically, serologically, and histologically. She was then diagnosed with CD. Her occupation involves travelling; she has had only very few unintentional dietary relapses. Clinically, she is a well treated but sensitive CD patient. She was healthy before the oats challenge. The last biopsy before the challenge was taken six months in advance, and showed a Marsh type 1 lesion (fig 1) . In snap frozen biopsies, we found ,1610 3 IFN-c specific transcripts per mg RNA. During the planned 12 week challenge, she developed slight dermatitis, villous atrophy (Marsh 3A lesion), and positive levels of mRNA for IFN-c (6.0610 4 IFN-c specific transcripts per mg RNA). The slight dermatitis caused no concern to us or the patient. After the first 12 weeks, she discontinued eating oats. She then agreed to enter a new clinical challenge after 12 weeks on a gluten free and oats free diet. Her mucosa had then returned to nearly normal (Marsh 1), and the rash had disappeared. Quantitative RT-PCR demonstrated 4.8610 4 IFN-c specific transcripts per mg RNA. She started eating oats. However, after eight weeks she was very ill with diarrhoea and a dramatic itching dermatitis; the challenge clearly had to be discontinued. Biopsies obtained by gastroduodenoscopy showed that she had developed a more severe subtotal villous atrophy (Marsh 3B lesion) and levels of RNA for IFN-c had increased to 1.3610 5 transcripts per mg RNA. Dermatitis was described by the dermatologist as clinically compatible with dermatitis herpetiformis on the extremities and her back, and there were psoriasoform plaques on her scalp and on one leg. A single skin biopsy failed however to demonstrate IgA deposits (data not shown). The dermatitis was treated in the first two months with topical steroids and retraction of oats, with limited clinical effect. Thereafter, she was treated with UVA/UVB and experienced good clinical effects. She came back for a control gastroduodenoscopy one year after the challenge. We found that the mucosa had improved to a Marsh 3A lesion so she had not yet returned to the prechallenge situation.
Follow up after 1.5 years Patients were allowed to eat pure oats at their own will, after the study challenge. After 1.5 years, 15 patients agreed to return for follow up, including gastroduodenoscopy. Of these 15 patients, 12 regularly consumed oats, although usually less than 50 g/day. Their small intestinal histology was still satisfactory (Marsh type 0 or Marsh type 1). All had normal serology and expressed their satisfaction with the addition of oats to their diet. Two oats eating patients (Nos 1 and 15 in table 2) who were negative for IFN-c mRNA after the 12 week challenge period showed a positive signal at follow up. The level was not quantitated but was not associated with mucosal deterioration.
DISCUSSION
Here we have shown that oats with, at most, negligible contamination with other cereals is commercially available in Norway. These oats were well tolerated by the majority of 19 treated CD patients in a challenge study. However, we found one CD patient who was intolerant to oats.
An important issue regarding the present study pertains to the purity of oats used. We chose to test the oats used in the study for purity using a commercially available ELISA kit. The test kit uses an antibody against v-gliadin. This test detects wheat and rye, but to lesser extent barley. The manufacturer of the oats selected for use in the present study took several precautions to avoid contamination of the oats with other cereals. It was reassuring that testing of a large number of 150 samples failed to yield a positive test. With the unexpected result of the clinical challenge in mind, we tested some of the samples with more technically advanced procedures. We then found that one of the sacks of oats was contaminated at the top of the sack but not at the bottom. Importantly, two samples from the oats consumed by our oats intolerant patient were found to be pure oats. Taken together, we find it likely that the oats used in the present study were sufficiently pure and adhered to the limitations suggested by the revised Codex standard limit of 20 ppm for naturally gluten free food. 16 Some aspects of the clinical challenge should be discussed. We chose to challenge patients for 12 weeks as this period is comparable with other studies and was expected to be sufficient for detecting a deleterious response. For the single evidently intolerant patient, the challenge time was clearly sufficient. She developed mucosal changes and dermatitis during the challenge. Dermatitis clinically resembled dermatitis herpetiformis but a single biopsy did not demonstrate IgA deposits typical of this disease. However, even though a typical IgA deposit is diagnostic of dermatitis herpetiformis, 17 it is sometimes necessary to obtain repeated biopsies and even true negative cases may exist. 18 However, the dermatitis was in time directly related to oats consumption and waned over 3-4 months following retraction of oats. A weakness of the present study is that some time elapsed between the prechallenge biopsy and the actual challenge. This may not be optimal but we considered it unlikely that these adult well treated patients should develop mucosal changes during the run in period.
Our findings are at odds with previously reported clinical studies. [1] [2] [3] [4] [5] [6] We noted that introduction of oats led to changes in bowel habits and some abdominal discomfort for several of the patients. This experience may have been noted previously but is important all the same. It may be used to reassure coeliacs starting with oats that this experience appears to be normal and will likely pass. The major difference is that one of the patients was intolerant to oats. This has not been reported previously. Moreover, if the total number of patients from clinical challenge studies is considered, oats intolerance appears to be a rare event.
After the present challenge study, we have met additional patients who were clinically intolerant to oats (dermatitis, abdominal pain, and general anaphylactoid-like reactions). None was willing to ingest oats again. Thus we consider intolerance of oats in CD as a probable entity.
Although not fully understood at this stage, it is however interesting to note that some of the patients had positive levels of mRNA for IFN-c but no corresponding histological abnormalities. We consider IFN-c as a sign of T cell activation but it may not be directly responsible for the villous atrophy seen in CD. 19 The relevance of this finding is limited by the fact that a control group of CD patients who were abstinent from oats were not included in our challenge study. However, we have previously reported findings that show that well treated coeliacs usually do not express IFN-c mRNA in their small intestinal mucosa. 14 15 The present data support the notion that most CD patients tolerate oats in their diet. Contamination of commercial oats by other cereals is a problem and coeliacs should select oats from manufacturers that are devoted to producing oats without such contaminants. However, the finding that even pure oats can induce villous atrophy and dermatitis in one CD patient raises some concern.
